6-(Methylsulfinyl)hexyl isothiocyanate (6-MSITC) and 6-(methylthio)hexyl isothiocyanate (6-MTITC) have low pungency and are responsible for the fresh flavor of wasabi (Wasabia japonica [Miq] Matsumura). In this study, we found that these two isothiocyanates activate transient receptor potential ankyrin 1 (TRPA1), and 6-MSITC activates transient receptor potential vanilloid 1 (TRPV1), but not other transient receptor potential channels expressed in sensory neurons. Both 6-MSITC and 6-MTITCinduced intracellular Ca 2+ increases in human embryonic kidney-derived 293 cells expressing mouse TRPA1 (mTRPA1) as measured by Ca 2+ imaging. In whole-cell patch-clamp recordings, 6-MSITC and 6-MTITC dose-dependently activated both mTRPA1 (EC 50 = 147 ± 26 µM for 6-MSITC and 30 ± 3 µM for 6-MTITC) and human TRPA1 (hTRPA1; EC 50 = 39 ± 4 µM for 6-MSITC and 34 ± 3 µM for 6-MTITC). In addition, TRPA1 N-terminal cysteines, which are reported to be important for channel activation by electrophilic ligands, were involved in 6-MSITC-and 6-MTITC-evoked TRPA1 activation. These isothiocyanates also activated endogenous TRPA1 expressed in mouse dorsal root ganglion neurons and intraplantar injection of 10-30 mM 6-MSITC-evoked pain-related behaviors in mice. These results indicate the following: 1) 6-MSITC and 6-MTITC activate both mTRPA1 and hTRPA1; 2) 6-MSITC activates mTRPV1; and 3) the pharmacological functions of these isothiocyanates could be derived from TRPA1 activation.
Introduction
Wasabi (Wasabia japonica [Miq] Matsumura) is a plant of Japanese origin. It belongs to the Brassicaceae family of vegetables. Traditionally, it has been used as a natural herb for deodorization and detoxification purposes, as well as for its antimicrobial activity (Okada 2001) . Wasabi is one of a primary condiment in Japanese cooking. Freshly grated wasabi is bright green, with fresh scent and pungent sensation. The characteristic pungent flavor of wasabi is due to the presence of several isothiocyanates, most notably allyl isothiocyanate (AITC). 6-(methylsulfinyl)hexyl isothiocyanate (6-MSITC) and 6-(methylthio)hexyl isothiocyanate (6-MTITC) (Figure 1 ) are AITC analogs present in wasabi, but they are scarcely pungent and compose the fresh flavor of wasabi (Masuda 2008) . 6-MTITC in particular is responsible for the "green note," a unique flavor in wasabi, whereas 6-MSITC has various biological effects, including anticoagulatory, anti-inflammatory, and antitumor activity (Morimitsu et al. 2000; Watanabe et al. 2003; Uto et al. 2005; Fuke et al. 2006; Nakamura and Miyoshi 2010) .
Transient receptor potential ankyrin 1 (TRPA1) channel is a nonselective cation channel that is well-conserved from Drosophila to humans (Garcia-Anoveros and Nagata 2007) . This channel is mainly expressed in primary sensory neurons (Story et al. 2003) and is involved in perception of painful stimuli. TRPA1 is activated by various stimuli, including cold temperature, mechanical stimuli (Kwan et al. 2006) , intracellular alkalization (Fujita et al. 2008) , intracellular Ca 2+ and Zn 2+ ions (Zurborg et al. 2007 , Hu et al. 2009 ), and pungent and/or noxious chemical compounds (Bandell et al. 2004; Jordt et al. 2004) . Although its responsiveness to noxious cold and mechanical stimuli in mammals is still controversial (Kwan et al. 2006; Caspani and Heppenstall 2009; Karashima et al. 2009 ), TRPA1 has attracted attention for its potential role in nociception (Kwan et al. 2006; Caspani and Heppenstall 2009; Karashima et al. 2009 ). Incidentally, TRPA1 was reported to be activated by spices and herbal medicines, such as wasabi (AITC), pepper (piperin), garlic (allicin), cinnamon (cinnamaldehyde), Japanese pepper (sanshool), and olive (oleocanthal) (Bandell et al. 2004; Jordt et al. 2004; Macpherson et al. 2005; Koo et al. 2007; Okumura et al. 2010; Peyrot des Gachons et al. 2011) . Many TRPA1 agonists, including isothiocyanates such as AITC and reactive aldehydes such as cinnamaldehyde, have a reactive electrophilic group that activates TRPA1 by covalently binding to cysteine residues in its cytosolic N-terminus (Hinman et al. 2006; Macpherson et al. 2007) .
In this study, the effects of 6-MSITC and 6-MTITC on TRPA1 activity were examined using Ca 2+ imaging and patch-clamp methods. We demonstrate that these two wasabi isothiocyanates activate TRPA1 through the same mechanism as AITC.
Materials and methods

Animals
Male C57BL/6 mice (4-5 weeks; SLC) and TRPA1-deficient mice generously provided by Dr D. Julius (University of California, San Francisco; TRPA1-KO mice, 4-5 weeks old) were used. Animals were housed in a controlled environment (12-h light/dark cycle, room temperature 22-24°C, 50-60% relative humidity) with free access to food and water. All procedures involving the care and use of animals were approved by the institutional animal care and use committee of National Institutes of Natural Sciences and performed in accordance with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health publication number 85-23, revised 1985) .
Chemicals
6-MTITC was purchased from Ogawa & Co., Ltd.. 6-MSITC was synthesized by the oxidation of 6-MTITC as described by Shibata et al. (2008) . AITC, capsaicin, and ionomycin were obtained from WAKO Pure Chemical Industries, Ltd., Sigma-Aldrich, and Dojindo Laboratories, respectively.
Cell culture
Human embryonic kidney-derived 293 (HEK293) cells were maintained in Dulbecco's modified Eagle Medium (WAKO Pure Chemical Industries, Ltd.) containing 10% fetal bovine serum (Biowest SAS), 100 units/mL penicillin (Invitrogen Corp.), 100 µg/mL streptomycin (Invitrogen Corp.), and 2 mM GlutaMAX (Invitrogen Corp.) at 37°C in 5% CO 2 . For Ca 2+ imaging, 1 µg mouse TRPA1 (mTRPA1) plasmid DNA (a generous gift from Ardem Patapoutian), mouse transient receptor potential vanilloid 1 (mTRPV1), mTRPV2, or mTRPM8 (a generous gift from Ardem Patapoutian) in pcDNA3, and 0.1 µg pCMV-DsRed expression cDNA in OPTI-MEM medium (Invitrogen Corp.) were transfected to HEK293 cells using Lipofectamine Plus Reagent (Invitrogen Corp.). For patch-clamp recordings, 1 µg mTRPA1 or human TRPA1 (hTRPA1) plasmid DNA (Funakoshi Co., Ltd.) in pcDNA3 and 0.1 µg pGreen Lantern 1 cDNA were transfected to HEK293 cells using the same method as for Ca 2+ imaging. After incubating for 3-4 h, cells were reseeded on cover slips and further incubated at 37°C in 5% CO 2 . Ca 2+ imaging and whole-cell patch-clamp recordings were performed 1 day after transfection.
Construction of TRPA1 mutants
A hTRPA1 cysteine mutant was generated by cysteine-serine substitution at C621, C641, and C665, which are thought to be covalently modified by several electrophilic TRPA1 agonists. This mutant was made using a modified QuickChange site-directed mutagenesis method (Stratagene Corp.) as described previously (Shintaku et al. 2011) . In detail, polymerase chain reaction (PCR) was performed using hTRPA1 expression vector as templates, two synthetic oligonucleotide primers containing the specific mutations, and PrimeSTAR HS DNA polymerase (Takara Bio Inc.). The PCR products were digested with Dpn1 at 37°C for 1 h and transformed into DH5α competent cells. The entire sequence including the amino acid substitutions was confirmed by DNA sequencing.
Preparation of primary mouse dorsal root ganglion neurons
Mouse dorsal root ganglions (DRGs) were dissected from mice, incubated with 1.25 mg/mL collagenase (Sigma-Aldrich) at 37°C for 15 min, and dissociated using mechanical trituration. After filtration with a cell strainer (70 µm, BD), cells were plated on poly-D-lysine-coated cover slips and incubated in medium (MEM supplemented with 10% FBS, penicillin, streptomycin, and l-glutamine) containing nerve growth factor (100 ng/mL).
Ca
2+ imaging
HEK293 cells or mouse DRG neurons on cover slips were mounted in an open chamber and superfused with standard bath solution (140 mM NaCl, 5 mM KCl, 2 mM MgCl 2 , 2 mM CaCl 2 , 10 mM HEPES, 10 mM glucose, pH 7.4). Cytosolic-free Ca 2+ concentrations [Ca 2+ ] i in HEK293 cells were measured by dual-wavelength fura-2 (Molecular Probes, Invitrogen Corp.) microfluorometry with excitation at 340/380 nm and emission at 510 nm. The ratio image was calculated and acquired using an imaging processing system (IP-Lab, Scanalytic Inc.). The viability of HEK293 cells was confirmed by responses to 5 µM ionomycin. Mouse DRG neurons were identified by the response to 40 mM KCl. The Δratio value was normalized to the peak response induced by 5 µM ionomycin. In Ca 2+ imaging using mouse DRG neurons, cells showing an increase in the ratio of more than 0.3 from basal values in response to compound were defined as compound-sensitive cells. All experiments were performed at room temperature.
Whole-cell patch-clamp recording
HEK293 cells on cover slips were mounted in an open chamber. The standard bath solution was the same as for the Ca 2+ imaging experiments, and the pipette solution contained (mM) 140 KCl, 5 EGTA, and 10 HEPES, pH 7.4 (with KOH). Data were sampled at 10 kHz and filtered at 5 kHz for analysis (Axon 200B amplifier with pCLAMP software, Axon Instruments). Membrane potential was clamped at −60 mV and voltage ramp-pulses from −100 to +100 mV (500 ms) were applied every 3 or 5 s. All experiments were performed at room temperature.
Pain-related behavioral test
Wild-type (WT) and TRPA1-KO mice were placed individually in transparent cages (20 × 12 × 12 cm) for 1 h before experiments. An intraplantar injection of 20 µL 6-MSITC (10 or 30 mM, solvent: 10% DMSO containing saline) was then made into the left hind paw. The time spent licking or biting the injected paw was measured for 10 min after injection.
Statistical analysis
Data are expressed as mean ± standard error of mean (S.E.M). Statistical analysis was performed by Student's t-test or analysis of variance (ANOVA) followed by two-tailed multiple t-test with Bonferroni correction. P values less than 0.05 were considered significant.
Results
Wasabi isothiocyanates activate mTRPA1
To clarify whether 6-MSITC and 6-MTITC activate TRPA1, we measured [Ca 2+ ] i changes using fura-2 microfluorometry in HEK293 cells expressing mTRPA1. [Ca 2+ ] i increases were observed following application of either 300 µM 6-MSITC or 300 µM 6-MTITC (Figure 2A and 2B) . No further [Ca 2+ ] i increases were produced by addition of 100 µM AITC after application of 300 µM 6-MSITC or 300 µM 6-MTITC. No 6-MSITC-or 6-MTITC-induced [Ca 2+ ] i increases were observed for vector-transfected cells ( Figure 2C and 2D) , which excludes the possibility that the chemicals produced nonspecific effects. We then checked the effects of 6-MSITC and 6-MTITC on other transient receptor potential (TRP) channels that are expressed in primary sensory neurons. mTRPV1, mTRPV2, or mTRPM8 did not respond to 300 µM 6-MSITC or 300 µM 6-MTITC ( Figure 2C and 2D) . Because some reports showed that high concentrations of AITC (≥1 mM) activate TRPV1 (Ohta et al. 2007; Everaerts et al. 2011) , we examined mTRPV1 activation by high concentrations of 6-MSITC. As shown in Figure 2E , 1 and 5 mM 6-MSITC increased [Ca 2+ ] i in HEK293 cells expressing mTRPV1 in a dose-dependent manner. We then confirmed this activation with a whole-cell patch-clamp experiment, which showed that small current responses of mTRPV1 were evoked by 5 mM 6-MSITC, but not by 300 µM 6-MSITC ( Figure 2F and Supplementary Figure 1A) . We decided not to examine TRPV1 activation by 6-MTITC because 6-MTITC was not soluble at high concentrations in bath solution.
To confirm that 6-MSITC and 6-MTITC activate mTRPA1 channels, we performed whole-cell patch-clamp experiments in HEK293 cells expressing mTRPA1. Figure 3A and 3B show representative whole-cell currents evoked by 300 µM 6-MSITC (A) and 300 µM 6-MTITC (B) in HEK293 cells expressing mTRPA1. Inward currents (at −60 mV) with an outwardly rectifying current-voltage relationship by ramppulses from −100 to +100 mV every 5 s were observed. Furthermore, the currents activated by 100 µM 6-MSITC were completely blocked by the TRPA1 antagonists HC030031 (30 µM) or camphor (5 mM) ( Figure 3C and Supplementary  Figure 2A) . We next evaluated the dose-response profiles for ] i changes stimulated by 300 µM 6-MSITC (A), 6-MTITC (B), and AITC, a TRPA1 agonist in mTRPA1-expressed HEK293 cells. Cell viability was checked by application of ionomycin (Iono). Y axis: fura-2 ratio (340/360 nm). Each symbol represents mean ± S.E.M. from 11 to 16 cells. (C and D) Effect of 300 µM 6-MSITC (C) and 300 µM 6-MTITC (D) on mTRP channels expressed in sensory neurons (TRPA1, TRPV1, TRPV2, and TRPM8). Y axis: fura-2 ratio (340/360 nm). Each column represents the mean ± S.E.M. from 19 to 114 cells. Statistical significance was assessed using ANOVA followed by a two-tailed multiple t-test with Bonferroni correction. **P < 0.01 versus vector. (E) 6-MSITC (1-5 mM) increased [Ca 2+ ] i in HEK293 cells expressing mTRPV1. Each column represents the mean ± S.E.M. from 43 to 59 cells. Statistical significance was assessed using ANOVA followed by a two-tailed multiple t-test with Bonferroni correction. **P < 0.01 versus 0.3 mM, ## P < 0.01 versus 1 mM. (F) A representative trace of whole-cell current activated by 5 mM 6-MSITC in mTRPV1-expressing HEK293 cells.
Downloaded from https://academic.oup.com/chemse/article-abstract/37/9/809/327311 by guest on 20 January 2018 TRPA1 activation by 6-MSITC and 6-MTITC. As shown in Figure 3D , mTRPA1 activation by 6-MSITC and 6-MTITC was dose-dependent (EC 50 = 147 ± 26 µM for 6-MSITC and 30 ± 3 µM for 6-MTITC), although the efficacy of 6-MTITC was about half that of 6-MSITC (V max = 278 ± 18 pA/pF for 6-MSITC and 144 ± 5 pA/pF for 6-MTITC).
6-MSITC and 6-MTITC activate native mTRPA1
To further examine whether 6-MSITC and 6-MTITC activate TRPA1 expressed in native cells, we performed Ca 2+ imaging in mouse DRG neurons. Cell viability was confirmed by the response to 40 mM KCl. As shown in Figure 4A and 4E, most of the 100 µM 6-MSITC-positive neurons responded to 100 µM AITC. In addition, AITC-negative and 1 µM capsaicin (a TRPV1 agonist)-positive cells did not respond to 6-MSITC, and none of the DRG neurons from TRPA1-KO mice showed responses to 6-MSITC or AITC ( Figure 4A , 4C, and 4E), suggesting that 6-MSITC activates native mTRPA1. On the other hand, although most of the 100 µM 6-MTITC-positive neurons responded to 100 µM AITC, some of the AITC-negative neurons responded to 6-MTITC ( Figure 4B and 4F). 6-MTITCinduced [Ca 2+ ] i increases were also observed in some TRPA1-KO neurons ( Figure 4D and 4F) . Furthermore, this population is not related to capsaicin responses, suggesting that 100 µM 6-MTITC does not activate TRPV1 and that 100 µM 6-MTITC could have other targets than TRPV1 and TRPA1. This interpretation is supported by the result that 300 µM 6-MTITC did not evoke any current in HEK293 cells expressing mTRPV1 (Supplementary Figure 1B) . Next, we examined pain-related behaviors upon application of 6-MTITC or 6-MSITC. Intraplantar injection of 20 µL 10-30 mM 6-MSITC to the hind paw caused licking or biting behaviors in WT mice in a dose-dependent manner. Furthermore, licking or biting behaviors were significantly reduced and nearly absent 1-2 min after injection of 30 mM 6-MSITC in TRPA1-KO mice ( Figure 5A ). These results suggest that these isothiocyanates cause pain-related behaviors by activating TRPA1 endogenously expressed in native mouse DRG neurons. However, 30 mM 6-MSITCevoked pain-related behaviors were not completely abolished in TRPA1-KO mice, which suggests the involvement of molecules other than TRPA1, and is consistent with the results showing that high concentrations of 6-MSITC activate TRPV1 ( Figure 2E and 2F).
6-MSITC and 6-MTITC also activate hTRPA1
The activity of TRPA1 ligands can have species-dependent differences. We and other researchers showed that primary alcohols activated hTRPA1 but had lessened effects on mTRPA1 (Komatsu et al. 2012) , and that caffeine activated mTRPA1 but inhibited hTRPA1 (Nagatomo and Kubo 2008) . Therefore, we checked whether 6-MSITC and 6-MTITC activated hTRPA1. As shown in Figure 6A and 6B, 30 µM 6-MSITC and 30 µM 6-MTITC induced hTRPA1 activation in HEK293 cells with inhibition by 30 µM HC030031 (Supplementary Figure 2B) and dose-dependent hTRPA1 activation (EC 50 = 39 ± 4 µM for 6-MSITC and 34 ± 3 µM for 6-MTITC) ( Figure 6C ). These properties are similar to that seen for mTRPA1 ( Figure 3C and 3D) . However, the efficacy and potency of 6-MTITC and 6-MSITC were smaller for ] i increases stimulated by 100 µM 6-MSITC (C) and 100 µM 6-MTITC (D) were not observed in Cap-positive DRG neurons from TRPA1-KO mice. Each symbol represents the mean ± S.E.M. from 13-28 cells. (E and F) Classification of mDRG neurons depending on the responses to 100 µM 6-MSITC (E) and 100 µM 6-MTITC (F) in both WT and TRPA1-KO mice.
hTRPA1 compared with mTRPA1 (V max = 348 ± 15 pA/pF for 6-MSITC and 301 ± 13 pA/pF for 6-MTITC).
The reversible covalent modification of TRPA1 N-terminal cysteine residues by electrophilic compounds, including AITC, was recently reported to activate TRPA1 (Hinman et al. 2006; Macpherson et al. 2007 ). To examine whether TRPA1 activation by 6-MSITC and 6-MTITC involves its N-terminal cysteine residues, we constructed an hTRPA1 mutant in which cysteines at C621, C641, and C665 were replaced with serines (C621S/C641S/C665S mutant). This mutant retained its response to 500 µM 2-APB (a nonelectrophilic agonist) and showed little response to 20 µM AITC (an electrophilic agonist), which would be expected ( Figure 7A and 7C) . The C621S/C641S/C665S mutant did not respond to either 50 µM 6-MSITC or 50 µM 6-MTITC ( Figure 7B and 7C) , indicating that, similar to AITC, 6-MSITC and 6-MTITC activate hTRPA1 through covalent modifications.
Discussion
In this study, we demonstrated that two isothiocyanates contained in wasabi activate both human and mTRPA1 and cause pain-related behavior that is similar to many other TRPA1 agonists. Furthermore, this activation occurs through covalent modification as would be expected from their structures, which are similar to AITC.
Wasabi contains over 18 isothiocyanates, including AITC, which characterize its flavor or pungency. Horseradish also contains many isothiocyanates, with some being the same and others differing from those in wasabi (Ina 1982) . Both 6-MSITC and 6-MTITC are present in wasabi, but are largely absent in horseradish (Etoh et al. 1990 ). Electrophilic ligands, including AITC, activate TRPA1 by irreversibly binding to the thiol group (-SH) of N-terminal cysteine residues (Hinman et al. 2006; Macpherson et al. 2007 ). For AITC, the isothiocyanate group (−N=C=S) carbon atom acts as an electrophile. 6-MSITC and 6-MTITC have an isothiocyanate group as well (Figure 1) , suggesting that the isothiocyanate group may also activate TRPA1 by binding to cysteine residues. Indeed, the two isothiocyanates failed to activate the TRPA1 mutant where cysteines 621, 641, and 665 were replaced with serines ( Figure 7) . The lack of response of this mutant to AITC supports the idea that these isothiocyanates bind to the same cysteine residues as AITC. Although 6-MSITC and 6-MTITC activate TRPA1 (Figures 2-4 and 6), they produce little pungent sensation in humans (Masuda 2008) . We previously reported that pungent sensations vary among chemicals having TRPA1-activating ability (Peyrot des Gachons et al. 2011) . Most common oral irritants, including AITC, elicit irritation throughout the oral cavity. On the other hand, oleocanthal, the main pungent component of extra virgin olive oil, which does activate TRPA1, elicits an oral pungency that is restricted to the throat. These differences could depend on the activation of other proteins, including TRP channels. The small pungent sensation produced by 6-MSITC and 6-MTITC could have a similar explanation. However, only 6-MTITC evokes the green note sensation through a mechanism that has not yet been defined. One hypothesis is that an unknown receptor expressed in sensory neurons is important for the green note sensation because 6-MTITC activates some sensory neurons not related to TRPA1 or TRPV1 expression ( Figure 4F ). Alternatively, a receptor for 6-MTITC could exist in olfactory neurons. Our results suggest that the green note sensation induced by 6-MTITC is not due to the activation of TRP channels expressed in sensory neurons. Time spent licking or biting following intraplantar injection of 10-30 mM 6-MSITC (20 µL) in WT and TRPA1-KO mice. Each symbol and column represents the mean ± S.E.M. from 5 to 6 mice. Statistical analysis was performed using ANOVA followed by a two-tailed multiple t-test with Bonferroni correction. *P < 0.05, **P < 0.01 versus saline; ##P < 0.01 WT 30 mM versus TRPA1-KO 30 mM.
Traditionally, wasabi has been used in oriental medicine as an appetite stimulant, a stomachic, an antimicrobial, or external anti-inflammatory medicine (Okada 2001). Many of these effects are thought to depend on the function of isothiocyanates (Masuda et al. 2001; Okada 2001; Ohta et al. 2004 ). Wasabi isothiocyanate 6-MSITC in particular has been shown to have many pharmacological functions by inhibiting platelet aggregation, attenuating cyclooxygenase-2 gene expression, inhibiting tumor cell growth and metastasis, and inducing glutathione S-transferase activity (Morimitsu et al. 2000; Watanabe et al. 2003; Fuke et al. 2006; Uto et al. 2005; Nakamura and Miyoshi 2010) . On the other hand, the pharmacological functions of 6-MTITC have not been as well clarified, although one report showed that 6-MTITC inhibits tumor development (Yano et al. 2000) . Our results showing that 6-MSITC and 6-MTITC have similar TRPA1-activating ability (Figures 2-4 and 6 ) suggest that A and B) Representative traces of whole-cell current activated by 20 µM AITC, 500 µM 2-aminoethoxydiphenylborane (2-APB), and 50 µM 6-MSITC in HEK293 cells expressing the human TRPA1 cysteine mutant. Horizontal bars indicate the duration of compound application. (C) Quantification of current densities activated by 500 µM 2-APB, 20 µM AITC, 50 µM 6-MSITC, and 50 µM 6-MTITC in HEK293 cells expressing human TRPA1 WT or cysteine mutant (C621S/C641S/C665S). Each bar represents the mean ± S.E.M. from 7-8 cells. Statistical significance was assessed using Student's t-test. **P < 0.01 versus TRPA1 wt.
6-MTITC and 6-MSITC have many similar pharmacological functions. Recently, the physiological functions of TRPA1 in organs other than peripheral nerve endings and the oral cavity have been clarified. TRPA1 expressed in enterochromaffin cells was shown to be involved in regulating gastrointestinal motility by controlling serotonin secretion (Nozawa et al. 2009 ). Oral injection of TRPA1 agonists evokes thermogenesis by increasing sympathetic nerve activity (Masamoto et al. 2009 ). In addition, TRPA1 activation in the spinal cord was reported to exhibit antinociception, probably by reducing the driving force for voltage-gated Ca 2+ and Na + channels by depolarization (Andersson et al. 2011) . Furthermore, TRPA1 expressed in astrocytes in the central nervous system has been shown to regulate astrocyte resting [Ca 2+ ] i and have inhibitory synapse efficacy (Shigetomi et al. 2011) . Thus, the pharmacological effects of wasabi in various tissues could be explained by TRPA1 activation induced by many isothiocyanates, including 6-MSITC and 6-MTITC.
In conclusion, the nonpungent isothiocyanates 6-MSITC and 6-MTITC activate TRPA1, and the physiological functions of these isothiocyanates could to certain extent be derived from TRPA1 activation. Supplementary Figures 1 and 2 can be found at http://www. chemse.oxfordjournals.org/
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